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Abstract 
Previously, human schedulers at the Universiti Kebangsaan Malaysia (UKM) were human decision makers (BPA officer) who 
applied assignment procedure based on their experience with a little guidance from computer software to generate the exam 
timetable. They would take into account spreading exams evenly, and fairly, throughout the timetable but the size and complexity 
of the problem makes this unrealistic to be solved manually. Therefore, we have proposed a new extended graph colouring 
heuristics and developed a prototype to solve UKM examination timetabling problem, which has been practically used starting 
from Semester II, 2006/2007. The proposed work aims to produce an intelligent commercial scheduler that capable of producing 
a high quality examination timetable. We will utilise a new objective function that was proposed in our previous work to evaluate 
the quality of the timetable. The objective function considers both timeslots and days in assigning exams to timeslots, where a 
higher priority is given to minimise students having consecutive exams on the same day. The objective also tries to spread exams 
throughout the examination period. The outcome of the research could directly enhance services given by Bahagian Pengurusan 
Akademik (BPA), where BPA can produce a high quality exam timetable in a shorter time frame. Furthermore, this work might 
lead to reduce examination stress among students and might help them to obtain a better result by allowing ample revision time. 
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1. Introduction 
Solving real world university examination timetabling is an intractable problem. Examination timetabling 
problems can be defined as a problem of assigning a set of exams to a given number of timeslots and rooms subject 
to a set of constrains (Qu et al. 2007, Ayob et al. 2007). These constraints are usually divided into hard and soft 
constraints. Hard constraints must be satisfied under any circumstances. For example, no one student has two exams 
at the same time. Timetables that meet all hard constraints are called feasible timetable. Whilst, soft constraints are 
not essential but should be satisfied as much as possible. A particularly common soft constraint refers to spreading 
exams as evenly as possible throughout the schedule.  
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Due to complexity of the problem, it is usually impossible to have solutions that satisfy all soft constraints. The 
quality of the timetable is measured based on soft constants violation. A weighted penalty value is attached with 
each violation of the soft constraint and the objective is to minimize the total penalty value of these violations. 
During the last decade, there have been a numerous successful approaches in solving examination timetabling 
problems. For example, graph coloring (Burke et al. 2007, Asmuni et al. 2005, Sabar et al. 2009c), simulated 
annealing approach (Thompson and Dowsland 1998), tabu search (Di Gaspero and Schaerf 2001), hyper-heuristics 
(Kendall and Hussin [20], Burke et al. 2007, Sabar et al. 2009a) and hybrid approaches (Sabar et al. 2009b).  
Interested readers can find more details about examination timetabling research in Carter (1996), Ayob et al. 
(2007) and Qu et al. (2009). 
This work aims to produce an intelligent commercial scheduler that capable of producing a high quality 
examination timetable. The intelligent commercial scheduler will not only produce feasible solution that meets all 
required hard constraints, but also will enhance the quality of produced timetable using metaheuristic methods. We 
will utilise a new objective function that is proposed by Ayob et al. (2007) to evaluate the quality of timetable. The 
objective function considers both timeslots and days in assigning exams to timeslots, where a higher priority is given 
to minimise students having consecutive exams on the same day.  
2. Problem Statement 
This work focuses on solving a real-world examination timetabling problem at the University Kebangsaan 
Malaysia (UKM). UKM also offered courses which have no exams by end of semester. UKM also have co-
curriculum courses (university level courses which are enrolled by many students from different faculties and have 
shorter exam periods, i.e. different timeslots), which have to be scheduled outside the examination weeks. In UKM, 
we have two campuses, i.e. a main campus in Bangi and the KL campus (Ayob et al. 2007). 
 The week examination periods are 3 weeks. Each week has 5 days (Monday to Friday). Each day has 3 
timeslots (morning, afternoon and evening), except Friday which has 2 timeslots (morning and evening only). There 
are examinations which are coincidence and need to be scheduled together with other examinations.  Before solving 
the problem, we need to replace the coincidence exam with one exam from each set. In order to clearly demonstrate 
the real-world timeslots, we present the following vectors (Figure 1) which show the idea: 
 
 
Figure 1 Vector of Timeslots in a Day 
It can be seen that there are only two “5” entries (two timeslots on the first Friday – the 5th day). Saturdays (days 
6 and 13) and Sundays (day 7 and 14) are missing because there is no examinations on Saturday and Sunday. The 
corresponding timeslot vector is presented in Figure 2. 
 
 
 
Figure 2 Vector of Timeslots 
In Figure 2, the timeslots are represented as indexes. Timeslots 1, 2 and 3 are referring to day 1, timeslots 4, 5 
and 6 are referring to day 2, etc. Note that on day 5 (Friday the first week) there are only 2 timeslots i.e. 13 and 15 
(morning and evening sessions). Since there is no afternoon session, so we do not use a timeslot index 14. The 
reason for this representation is that we want to give a suitable weight according to the actual time gap since in this 
case, students actually have one free slot (i.e. 2 gaps in this case, 15-13=2). We also can see that the timeslot indexes 
for Saturday, the first week (16, 17 and 18), and Sunday, the first week (19, 20, 21), are missing because there is no 
exam scheduled on Saturday and Sunday. The same representation is used for the second and third weeks of exam 
(1, 1, 1, 2, 2, 2, 3, 3, 3, 4, 4, 4, 5, 5, 8, 8, 8, 9, 9, 9, 10, 10, 10, 11, 11, 11, 12, 12, 15, 15, 15, 
16, 16, 16, 17, 17, 17, 18, 18, 18, 19, 19) 
(1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 22, 23, 24, 25, 26, 27, 28, 
29, 30, 31, 32, 33, 34, 36, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 
54, 55, 57) 
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period. The idea is to reflect the time slot gap with a practical time gap. That is, in the real situation, for example, we 
have 2 days (weekend) break between exams on Friday evening (timeslot 15 and 36) and Monday morning (timeslot 
22 and 43). Therefore, it is not appropriate to index Friday evening and Monday morning time slots as adjacent slots 
if in real situation there is no exam on Saturday and Sunday. This indexing format (day vector and timeslot vector) 
could also be applied to other datasets, including the benchmark datasets by adding day vectors for each timeslot 
and introducing missing timeslot if there are free exam timeslots (e.g. weekend break or public holiday). The 
number of timeslots per day is different from one university to other. Therefore, for example, if the university has 
two timeslots per day, we should only have two day vectors for each day.  
Room specifications are summarized in Table 1. Each examination should be assigned to a single room, unless 
this cannot be avoided. In exceptional cases, i.e. if no room is available to accommodate the exam, then the exam 
can be assigned to multiple rooms but the room location should be closed to each other, for example, in this case, it 
should be in DECTAR (starting with the largest room in DECTAR i.e. Dewan (DECTAR), LobiUtama (DECTAR), 
PSeni (DECTAR), LobiA (DECTAR) and LobiB (DECTAR)). However, for the case of large examinations, where 
the number of students is greater than the biggest room capacity (i.e. more than 850 seats in this case), the exam can 
be assigned to any available room starting with DPBestari, DGemilang, Dewan (DECTAR), LobiUtama 
(DECTAR), PSeni (DECTAR), LobiA (DECTAR) and finally LobiB (DECTAR)). The room can be shared with 
multiple exams depending on the availability of the seats. However, in assigning exams to rooms, priority should be 
given to assign an exam to a room which can accommodate the exam. In addition, wherever possible, students 
should be assigned to the same room when they are sitting for consecutive exams on the same day. Apart from that, 
Law courses (which were excluded in this dataset, but need to be scheduled later by considering pre-assigned 
exams) need to be assigned to PSeni (DECTAR) only. For evening session, Law exams cannot share room with 
other courses because they have different starting time for evening session. 
Table 1.  Available rooms for dataset UKM06-1 
Room Room capacity 
DPBestari 850 
DGemilang 610 
Dewan (DECTAR) 610 
LobiUtama (DECTAR) 270 
PSeni (DECTAR) 152 
LobiA (DECTAR) 70 
LobiB (DECTAR) 70 
3. Problem Formulation 
The notations used in examination timetabling problem can be stated as follows (from Ayob et al. 2007): 
• N is the number of exams; 
• Ei is ith exam where i ȯ {1,….,N}; 
• ei is number of students sitting exam Ei where i ȯ {1,….,N}; 
• B is the set of all N exams, B={ E1,…, EN}; 
• D is the number of days; 
• T is the given number of available timeslot 
• M is the number of students 
• ti  specifies the assigned time slot for exam Ei, where ti ȯ{1,..,T} and i ȯ{1,..,N}; 
• di specifies the assigned day for exam Ei, where di ȯ{1,..D} and i ȯ{1,..,N}; 
• C=(cij)NxN  is the conflict matrix where each element denoted by cij, where (i,jȯ{1,..,N}) is the number of 
students taking exams Ei and Ej where cij=0 for i=j. 
• ǻt =|ti-tj| is the timeslot different between exam Ei and Ej. 
• ǻd=|di-dj| is the day different between exam Ei and Ej. 
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• R is the number of available rooms; 
• Lf is the capacity of room f where f ȯ {1,….,R};  
• ri specifies the assigned room for exam Ei, where ri ȯ {1,….,R} and i ȯ {1,….,N}; 
• zi is a lecturer for exam/courses Ei. 
 
The hard constraints of UKM datasets are: 
 
1) All exams must be scheduled and each exam must be scheduled only once (no duplication). 
¦
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2) No student can sit in two exams concurrently. If examination i and j are scheduled in slot s, the number 
of students sitting both examination i and j must be equal to zero, i.e. cij=0.   
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3) For each timeslot t, the number of students sitting exams (Students) must not exceed the maximum seat 
number (MaxSeats) i.e. 2400 seats per slot for this case study.   
 
 
 
4) Student which has consecutive exams on the same day should be assigned to the same room, i.e. both 
exams are assigned to the same room. 
 
          if ti =x; tj =x+1; di=dj and cij 0   then ri = rj  for all i, j ȯ {1,….,N};  
 
5) Special examination, SEi   where BS   should be isolated from other exams (e.g. in UKM06-1 
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6) No student can seat 3 consecutive exams in a day. 
 
            If cij 0; cik 0; ti=x; [tj =x+1 OR tj=x-1] and di=dj  
        
 then dk  di;   for all i,jȯ {1,...,N};  
 
7) Wherever possible, each examination must be assigned to a single room.  
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8) Exam must be assigned to a room without exceeding the room capacity. 
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Due to the complexity of the problem, constraints 6 and 10, could be relaxed if assigning an examination to 
multiple rooms is unavoidable (constraint 10) and it is not possible to assign the same room for students sitting 
consecutive exams in a day (constraint 6). Therefore, the exam has to be chunked, i.e. relaxing constraint 10.      
As in standard benchmark dataset, wherever possible, examinations should be spread out over timeslots so that 
students have large gaps in between exams (soft constraint). 
4. Objective Function 
In order to adhere with practical issues, we introduce a new objective function (named as Penalty Cost) which is 
adapted from a proximity cost (proposed by Carter et al. 1996 and Burke et al. 1996; 1999), as follows: 
 
 
 
 
              
 
where, 
 
 
 
Equation 14 presents a weighted penalty value that reflect the cost of assigning exam Ei and Ej to timeslots. These 
being 0, 1, 2, 4, 8, 16, 64 and 256 where the cost is ‘0’ if the gap of time slot for exam Ei and Ej is greater than 5 or 
the day gap is greater than 2. We only give a penalty up to a maximum of 5 timeslots in order to adhere with the 
well established proximity cost proposed by Carter et al. (1996). Whereas, we limit the penalty up to 2 days because 
a 2 days gap between examinations gives ample free time for students. 
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The new objective function (equations 13 and 14) aims to minimise the number of students having two exams in 
a row on the same day and tries to spread out exams over timeslots. Indeed, these formulations emphasize on 
avoiding students for having two consecutive exams on the same day instead of avoiding having two consecutive 
exams on different days, i.e. the penalty value for students having two consecutive exams on the same day 
(penalty=256) is higher than the penalty value for students having two consecutive exams on different days 
(penalty=16). This factor is not highlighted in the objective function proposed by Burke et al. (1996; 1999) and 
Carter et al. (1996). In fact, Carter et al. (1996) totally ignores the day effect by assuming that the practical time gap 
between each consecutive timeslot is the same, each day has exam (during exam weeks), each day has the same 
number of time slots and the exams can be scheduled 24 hours a day without evening and weekend breaks. This can 
be observed based on their objective function and their standard benchmark datasets.  The objective function 
introduced in Burke et al. [36] penalized consecutive exam on the same day. That is Burke et al. (1996) only 
minimized the number of students having two consecutive exams on the same day without spreading exams over 
timeslots. Subsequently, Burke et al. (1996) enhanced the objective function that was proposed in (1999) by giving 
high penalty (3) for students having two consecutive exams on the same day and lower penalty (1) for two 
consecutive exams overnight. By adapting the three objective functions, we proposed a Penalty Cost that embeds the 
three features in one objective function.  
5. The proposed scheduler 
The proposed system involves two phases. The first phase generates an initial feasible solution the meet all pre-
defined hard constraints by UKM. Whilst, second phase attempts to enhance a timetable quality generated from first 
phase by applying a meat-heuristics algorithm to reduce the soft constraints violation as much as possible. Figure 3 
shows the graphical user interface of the developed system. 
 
Figure 3 GUI of proposed system. 
As shown in figure 3, the system has a menu bar which contains four options and two buttons. The first option 
‘File’ (as shown in figure 3) contains option for opening existing solution file, creating new timetable, saving 
current timetable and terminating the systems. ‘Data’ option as shown in Figure 4 has two options, the first option 
LOAD is to load the input files which contains all regarding information (i.e. CLEANING  to remove unnecessary 
information). 
 
Figure 4 Second option DATA. 
The third option SETTING has one option as shown in Figure 5 and 6 respectively. The constraint selection 
option gives the user flexibility to select constraints and gives a priority to each one by changing its degree using the 
606  Masri Ayob et al. / Procedia Social and Behavioral Sciences 18 (2011) 600–608
slider meter. Also, using this slider meter a user can determine which constraints is to be treated as hard or soft 
constraints by adjusting the slide degree.  
 
Figure 5 Third option SETTING. 
 
Figure 6 Constraints Selection Option. 
Finally, the fourth option “About Us”, gives information to the user about the systems.  
After loading file and setting appropriate options such as hard constraints the user must generate initial solution 
by clicking on Generate Initial Solution button, which will lead to another form which has four type methods for 
generating initial solution as shown in Figure 7. 
 
Figure 7 Generate Initial Solution Button. 
The second button is Improve Solution as shown in Figure 3. By clicking on this button, the system starts 
implementing the improving phase using meta-heuristics algorithm. This will be performed after generating initial 
solution and the output of the first phase will be feed to the second phase.  
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The advantages of this system can be summarized as follows: 
The constructive and improvement phases are separated, where the user can use generated initial solution without 
improving phase and also the user can observe the quality of the solution in both phases ( constructive and 
improving). The user has the flexibility to choose the desired hard /soft constraints.  This will be helpful when 
satisfying all constraints are not possible. User can select different methods in constructive phase if one of them are 
failed to generate initial solution. Also, the user may select hybridizations of more than one method. 
6. Conclusion 
The intelligent examination timetabling software for UKM University has been presented. The system contains 
two phases. The first phase tries to generate initial solution than satisfy all hard constrains using graph colouring 
methods. Whilst, the second phase aims to improve the generated solution from the first phase using meta-heuristic 
methods. The proposed system is flexible in which the user can select a preferred hard/soft constraints for the 
constructive and improving stages or different method to generate initial solution. The outcome of the research 
could directly enhance services given by BPA and BPA can produce a high quality exam timetable in shorter time 
frame.  
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